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SUMMARY

An investigation‘todeterminetheaerodynamiccharacteristicsof
a seriesof thin,rectangularwingswasconductedin theAmes16-foot
high-speedwindtumnel,utilizingthetrsnsonic-bumptechniqueover
a Machnumberrangefrom0.40to1.10,correspondingto a Reynolds
numberrangefrom1.25to2.05million.Thelift,drag,md pitching-‘-
momentdatame presentedforwingshavingaspectratiosof6, 4, 3, 2,
1.5, 1, and0.5, andNACA63AOm sectionswiththickness-to-chordratios
of10,8, 6, 4, and2 percent.

INTRODUCTION

Thepurposeofthisinvestigationwastoprovidecomprehensive
dataontheeffectsof aspectratiosndthicknesson
characteristicsofa familyof symmetrical,straight
thetransonicspeedrange.

Twenty-twowingsinallwereinvestigated,with
6, 4, 3, 2, 1.5, 1, and0.5. Rectangularplanforms

the&odynamic
wingsthrough

aspectratiosof
wereused,andthe

profileswereNACA63AOXXsectionshavingthickness-to-chordratiosof
10,8, 6, 4, and2 percent.

In ordertoobtainan indicationofthereliability.ofthebump
data,a semispanscalemodelofthelarger,full-span,aspect-ratio-2
wingreportedinreference1 wasalsoconstructedandtestedonthe
bump.

lsupersedesrecent~declassifiedNACARM A’jlA12byWarrenH. Nelson
andJohnB.McDevitt,1951.
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NOTATION

dragcoefficient,twicesemispandragqs
totaldragcoefficientminusdragcoefficientat zerolift

liftcoefficient,twicesemispanlift
qs

pitching-momentcoefficient,referredto0.25E,
twicesemispanpitchingmoment

qsE
aspectratio,l?2

s
lift-dragratio

maximumlift-dragratio

Machnumber

Reynoldsnumberbasedonmeanaerodynamicchord

totalwingarea(twicewingareaof semispanmodel),sqft

velocity,ft/sec

twtcespauof semispanmodel,ft

local@_ngchord,ft

J ‘“ cay
meanaerodynamicchord,0

~ob’=C dy’
ft

dynamicpressure,~ pV2,lb/sqft

thickness-to-chordratio

spanwisedistancefrom@ane of symmetry,ft

angleof attack,deg

airdensity,slugs/cuft

slopeofliftcurvemeasuredat zerolift,perdeg

.

.
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dCm slopeofpitching-momentcurvemeasuredat zerolift
~

APPARATUS

WindTunnelandEquipment

Thesetestswereconductedona transonicbumpintheAmes16-foo%
high-speedwindtunnel.Thebumpisdescribedindetailinreference2.
Theaerodynamicforcesandmomentsweremeasuredbymesm of a strain-
gagebalancemountedinsidethebump.

Models

Thesting-supportedfull-spanmodelmountedcentrallyinthewind
tunnelsndthesimilsrreduced-scale,semispsnmcdelmountedon thebump
areshowninfigure1. Thesefigs, usedtoprovidea comparisonofthe
resultsobtainedtiththetwotestingtechniques,hadNACA651-2L0sec-
tions,aspectratiosof 2,andtaperratiosof0.4.

A typicalmountingoftherectsmgulartigs on thebumpis shownin
figure2. Theprincipaldimensionsandplsnformsof therectangular
wingssreshowninfigure3. Fiveaspect-ratio-6wingsofthevarious
thicknessesusedwereconstructedsndtheaspectratio~of 4,3, 2,1.5,
1 smd0.5wereobtainedby successivelycuttingoffthetips. Theprofiles
wereNACA63AOXXsectionsha-g thickness-to-chordratiosof 10,8,6, 4,
and2 percent{fig.4). “

A fencelocated3/16inchfromthebumpsurfacewasusedtokeep
leakage,originatinginsidethebump,fromaffectingtheflowoverthe
model.Thisleakageistheresultof clearsncebetweenthewingand
bumpsurfacereqtiredforthistypeofmounting.

TESTSANDPROCEDURE

RsngeofTestVariables

Thecharacteristicsoftherectangularwingswereinvestigatedfor
a Machnumberrangefrom0.4to 1.10.ThevariationofReynoldsnumber
withMachnumberfortherectangularwingsis showninfigure5. The
angle-of-attackrage waslimitedfrom-2°to 20°by thebalanceuech-
anism,.andforsomeof thethinnerwingsitwaslimitedto a smaller
angle-of-attackrangeby thebendingstressattheroot.
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Theaspectratiosandthicknessratiostestedwe showninthefol-
lotig table:

.Thiclmess-to-chordratio
0.1010.0810.0610.0410.02

16
4
3
2
1.5

&

x
x

---

x
---
x

---

x
x

---

x
---
x

---

x
x

---
x

---
x

---

---
x
x
x
x
x
x

---
---
---

x
x
x
x

ReductionofData

Thetestdatahavebeenreducedto standardNACAcoefficientform.
A dragcorrectionwasappliedtoaccountforam interactionbetweenthe
liftanddragcomponentsofthebalsnce.A tsrecorrectiontothedrag
oftherectangularwingsto accountforthedragofthefencewasevalu-
atedby cuttingthewingoffflushwiththefenceandtesttigthefence . u

alone.

Themagnitudeof thetare-dragcoefficient,whichdependedonthe
.

areasof thewings,was0.0175fortheaspect-ratio-O.5wingsand0.0014
fortheaspect-ratio-6wings.Themeasuredfencetsre-dragcoefficient~
didnotchangeappreciablytithMachnumberorwithchsmgesinangleof
attack.Thetiterferehceeffectsofthefenceandtheeffectsofleakage
aroundthefenceareunlmown;correctionsfortheseeffectshavenotbeen
made. Theseeffectswouldbe greatestontheloweraspect-ratiowings
sincetheyhavethesmallerarea.

Themodelsinvestigatedonthetransonicbumpme mountedin”alocal,
high-velocityregion.TypicalcontoursoflocalMachnumberinthebump
flowfieldareshuwninfigure6. Outlinesoftherectangularwingshave
beensuperimposedonthesediagramsto indicatetheMachnmber ~adients
whichexistedacrossthewingsduringthetests.No attempthasbeen
madeto evaluatetheeffectsofthesegradients.ThetestMachnumbers
presentedinthisreportaretheaverageMachnmbersoverthewings.

RESULTS

.

—

Thedragdatapresentedhereinshouldbeusedwithcaution,particu-
larlythat-forthelowerMachnumbersoraspectratioswherethemeasured
loadsweresmallcomparedtothecapacityofthebalance.For thisreason, ‘
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.

onlydataabove0.70Machnumberhavebeenusedinthecrossplotsinvolv-
ingdragmeasurements.Otherfactorswhichcontributetotheuncertainty
ofthedragdataarethelarge&g tares(fortheloweraspectratios),
thefactthatthelift-draginteractionmentionedpreviouslymayhave
variedslightlywithtime,andtheMachnumbergradientsexistipgthrough-
outtheflowfieldofthebump. However,itis%elievedthatthetrends
shownthroughoutthetransonicspeedrangearequalitativelycorrect.

Figure7 presentsa comparisonofthelift,drag,sndpitching-
momentdataforthetapered,aspect-ratio-2,NACA651-210wingsforthe
full-spanmodelmountedon a stinginthecenterofthewindtunnel,and
forthesemispanmodelmountedonthebump. TheReynoldsnumberrsnge
wasabout2 to3 millionforthebumptest,anditwasabout6 to9
millionforthestingtest.

Thebasiclift,drag,andpitching-momentdatafromthebumptests
oftherectangularwingsarepresentedinfigures8 through10.

Thevariationoflift-drsgratiowith”liftcoefficientis shownin ~
fi~e 11. Themaximumlift-dragratiosandtheliftcoefficientsat
whichtheyoccurredareshownasfunctionsofMachnumberinfigures’12
and13,respectively.Themaximumlift-dragratiosappearerraticfor
someofthewings(especiallytheaspect-ratio-1wings),particularly
atthelowertrsnsonicMachnumbers.However,itisbelievedthatthe
trendsshownatthehigherMachnumberssrecorrect.Phenomenaofflow
separationandreattachmentaswellas changesintheboundarylayermay
occurastheMachnumberchanges,sothatit seemsprobablethatsomeof
theirregularitiesindicateddo actuallyexist.

ThevariationstithMachnumberofthelift-curveslopes,thedrag
coefficients,andthepitching-moment-curveslopesareshowninfigures
14through16forrectangularwings.Alltheslopesshowninthese
summarycurvesweremeasuredat zerolift. It shouldbe notedthat
slopeswe shownevenforthosecasesinwhichthecurveswerenonlinear.

Thedatapresentedin”thisreporthavebeenanalyzedinreference3,
utilizingthetransonicsimilsxityrules.

AmesAeronauticalLaboratory
NationalAdtisoryCommittee

MoffettField,Calif.,
forAeronautics
Jsn.12,1951.
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(a) Full-spemmodel.

Figure 1.- The two methods of

(b) Semispan mcdel. A-15649

A-13852

.
mounting the tapered, aspect-ratio-2, NACA 651-210 wing mcxiels.

+
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A-15628

Figure2.-h aspect-ratio-2,rect=@= *g model~th ~ NACA63AO04
sectionmountedonthetransonicbumph the16-foothigh-speedwind
tunnel.
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Dimensions h feet
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Figure 3.- Dimensions and plan forms of the rectangular wings,
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NA GA 63AOI0

NA GA 63AO08

NA CA 63AO06

.

NA GA 63AO04

NA GA 63AO02

Figure 4.- Airfoil profiles used for the rectangular wings.
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Moth number

Figure 5. – The voriotion of Reynolds number with Moth
numberfor the recfongulur wings.
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aof~ + + + + ; J

for #of 0.40 .60 .70 ,7.s .80, .85 .9;

(0.) G. vs a.
Figure Z- Comparison of t’he aerodynamic choracterktics of the tuptve< aspect- rotlo-~ NAGA

65,-2/0 wings, os obtained with o sting-mounted model and a bump-mounted model.
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